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Abstract: A flower-like hematite microstructure has been successfully prepared by a facile
hydrothermal synthesis method without using any organic solvents or templates. It is revealed that the
flower-like hematite microstructure consists of well-crystallized nanorods with the average diameter
of about 100±15 nm and average length of about 900±100 nm growing from the centers. A possible
growth mechanism of the flower-like α-Fe2O3 microstructure is proposed and discussed. The
photocatalytic properties of the synthesized flower-like hematite nanostructure are evaluated using the
degradation of rhodamine B in aqueous solution.
Keywords: hematite; nanostructure; hydrothermal synthesis

1 Introduction
Due to their low cost and environmental friendliness,
hematite or α-Fe2O3 has been the subject of intense
research for several decades. Hematite nanostructures
are extensively studied for solar water splitting [1,2],
new lithium battery materials [3], water treatment [4],
etc. Over the past few years, various hematite
nanostructures, such as nanoparticles [5], nanowires [6]
and nanotubes [7] have been prepared with a variety of
methods.
These
methods
demonstrate
that
morphological control of hematite can be achieved by
using different solvents. However, these common
organic-phase methods are hazardous because these
precursors are toxic and difficult to handle under
normal conditions. Moreover, these approaches are
unsuitable in terms of scalling up for industrial
production owing to the high cost and large volume of
chemical wastes generated [8].
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Three-dimensional (3D) hierarchical architectures
which are constructed from one-dimensional and
two-dimensional nanoscaled building blocks have
aroused extensive attention owing to their enhanced
physical/chemical properties and superior device
performances [9]. Such hierarchical architectures
combine the features of nanoscaled building units and
can exhibit unique properties that are distinct from
those of the low-dimensional structures. Therefore,
researchers continue to seek straightforward and
inexpensive chemical methods for controllable
production
of
3D
hierarchical
functional
nanostructures. Thus, it remains a significant challenge
to develop a simple, effective and template-free
method to construct complex 3D hierarchical
structures at relatively low temperatures.
Herein,
novel
3D
flower-like
hematite
microstructure was prepared via a simple hydrothermal
method without using any templates at a relatively low
temperature. The structure and morphology of the
resulting hematite microstructures were characterized
by X-ray diffraction (XRD), field emission scanning
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electron microscopy (FESEM), transmission electron
microscopy (TEM) and energy-dispersive X-ray
spectroscopy (EDX). The photocatalytic properties of
synthesized 3D flower-like hematite were investigated
using the degradation of rhodamine B in aqueous
solution. The present study reveals a fast and reliable
approach for building hierarchically self-assembled
hematite microstructures.

2 Experimental
Analytical grade FeCl3 (97.0%) and NaNO3 (99.0%)
were purchased from Sigma-Aldrich Corporation and
were used without further purification. In a typical
synthesis method, FeCl3 (0.015 mol) and NaNO3
(0.1 mol) were dissolved in 40 mL of deionized (DI)
water. Precipitates were prepared by heating the
aqueous solution of corresponding metal salts in sealed
glass bottle at 100 ℃ for 2 h. The resulting colloidal
solution was centrifuged at 5000 rpm for 10 min. The
precipitates were washed 3 times with ethanol and DI
water, dried and calcined in air at 700 ℃ for 1 h.
The structure of the prepared powders was examined
by XRD (Bruker D8 Discover) using Cu Kα radiation
(λ = 0.15405 nm) at 2θ scan range of 20°–60°. The
morphology of the particles was characterized by
FESEM (Hitachi S-4700) and TEM (JEOL
JEM-2100F). Elemental analysis was carried out using
EDX (Horiba, 6853-H). The thermogravimetric (TG)
analysis was performed with a Netzsch-STA-449C
differential scanning calorimetry–thermogravimetric
analyzer in air atmosphere from room temperature up
to 700 ℃ at elevating temperature rate of 10 ℃/min.
The prepared hematite microstructure was further used
as a photocatalyst for the rhodamine B (RB) aqueous
solution degradation. In a typical process, 50 mg of the
flower-like hematite sample was added to 100 mL of
1.0×105 M RB solution and then magnetically stirred
in the dark for 30 min, which made the adsorption of
RB on the flower-like sample reach equilibrium. The
solution was then exposed to ultraviolet (UV)
irradiation with a distance of 20 cm from a 250 W
high-pressure Hg lamp at room temperature. Every
5 min, 5 mL of solution was withdrawn from the
beaker and then centrifuged. The concentrations of RB
in the supernatants were analyzed using a UV–Vis
spectrophotometer (Evolution 220) at a wavelength of
553 nm. All measurements were performed at room
temperature.

3 Results and discussion
The morphology and elemental analysis of the
prepared flower-like hematite microstructure were
examined by FESEM and EDX. As shown in Fig. 1,
the sample is composed of uniform flower-like
architectures with the diameter of 3–5 μm. The
magnified image of individual flower-like architecture
(inset of Fig. 1) reveals that each structure is composed
of many aligned nanorods with the average diameter of
about 100±10 nm and average length of about 900±
100 nm growing from the center. EDX analysis of the
structure reveals only the presence of Fe and O in the
formed microstructure (Pt peaks appear due to
platinum coating on the sample). This indicates that the
material is clean, and no sodium, neither nitrate or
chloride contamination, is detected which indicates a
great improvement compared to solvothermal or
template-based synthesis. It is also found that the
reaction time and FeCl3 concentration have no
significant effects on the morphology of products (Fig.
S1 in the Electronic Supplementary Material (ESM)).
However, a minimum time of 2 h is needed to prepare
the flower-like FeOOH microstructure. Thus, one can

Fig. 1 FESEM and EDX analysis of the flower-like
hematite microstructure.
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synthesize the flower-like microstructure within a
relatively short time frame. TG analysis (Fig. S2 in the
ESM) shows that the total mass loss corresponding to
the complete transformation of FeOOH into α-Fe2O3
should be around ~20%, which is fully achieved at
700 ℃. Further temperature rising probably leads to a
strong agglomeration and is not investigated in the
present study.
The microstructure of the as-prepared flower-like
α-Fe2O3 sample is further examined by TEM. Figure
2(a) displays the representative TEM image of the
obtained α-Fe2O3 flower-like pattern. TEM micrograph
clearly indicates that the sample is built up with
radially aligned nanorods, which is consistent with the
observation from the FESEM image. The high
resolution TEM image (inset of Fig. 2(a)) of the
selected area marked with a white rectangle shows a
crystalline character with a lattice spacing of 0.248 nm,
which is close to the interplanar distance for the (110)
plane of α-Fe2O3. Figure 2(b) displays the typical XRD
pattern of the flower-like α-Fe2O3 sample, and all the
peaks can be indexed to the rhombohedral phase of
(a)

d

α-Fe2O3 (JCPDS No. 33-0664). The narrow and sharp
peaks suggest that the obtained α-Fe2O3 is highly
crystalline. The crystallite size of the α-Fe2O3 sample
evaluated by Scherrer’s equation for the strongest peak
(104) is 27.3 nm, suggesting that nanorods are
consisted of smaller crystallites.
The possible growth mechanism of the flower-like
α-Fe2O3 is schematically shown in Fig. 3. It is well
known that the kinetics of Fe3+ hydrolysis in aqueous
solutions and the morphologies and properties of solid
hydrolytic products strongly depend on the nature of
the anion involved. Therefore, the use of NaNO3 is
crucial in the experiment. At the first stage,
iron(III)-oxyhydroxide particles are produced by
forced hydrolisis of iron(III) chloride. With the
heat-treatment proceeding, the particles become more
spherical, since a spherical shape is optimal from an
energetic point of view. As the heat-treated time
prolongs, the crystals continue to grow by combining
with the remaining primary particles, probably due to
Ostwald ripening. Finally, nanorods form, grow and
merge with each other, forming the flower-like
structure.
The photocatalytic performance of the flower-like
α-Fe2O3 sample is investigated by monitoring the
rhodamine B (RB) aqueous solution degradation under
UV irradiation. For comparative purposes, the
photodegradation efficiencies of RB mediated by
commercially available hematite powders and without
any photocatalyst under UV irradiation are also
investigated. The changes in the concentration of RB
with UV irradiation time are plotted and shown in Fig.
4. In the absence of any catalyst, the concentration of
RB decreases gradually and about 63% of RB is
degraded under UV irradiation within 60 min. The
commercial hematite powders show very weak
photocatalytic activity under UV irradiation (71% of
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Fig. 2 (a) TEM and (b) XRD analysis of the
flower-like hematite microstructure.

Fig. 3 Possible formation mechanism of the flower-like
hematite microstructure.
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Fig. 4 Photocatalytic performances of the flower-like
hematite and commercial hematite powders at different
time under exposure to UV irradiation (C: the
concentration of RB at designated time; C0: the initial
concentration of RB).

RB within 60 min). However, the concentration of RB
decreases dramatically when 50 mg of the flower-like
α-Fe2O3 sample is added and the total degradation of
RB is completed within 35 min (Fig. S3 in the ESM).
The superior photocatalytic activity of the flower-like
α-Fe2O3 in comparison to the commercial hematite
could be attributed to its high surface area. It is
generally accepted that the catalytic process is mainly
related to the adsorption and desorption of molecules
on the surface of the catalyst. The high specific surface
area of the catalyst could result in more unsaturated
surface coordination sites exposed to the reactant
molecules for catalytic reactions.

4

Conclusions

In summary, flower-like α-Fe2O3 microstructure has
been successfully fabricated by simple hydrothermal
method following by thermal calcination in air.
FESEM and TEM characterizations confirm that the
flower-like α-Fe2O3 microstructure is composed of
self-assembled nanorods of about 100 nm in diameter.
The prepared flower-like microstructure shows high
photocatalytic activity for the degradation of RB under
UV irradiation. This method may present a simple
approach for the controlled synthesis of other 3D
structures.
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